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ACCELEROMETER-BASED EXTERNAL
SOUND MONITORING

TECHNICAL FIELD

The present disclosure generally relates to vehicle sound

systems and, more specifically, accelerometer-based exter-
nal sound monitoring.

BACKGROUND

Increasingly, with customer comiort in mind, vehicles are
being manufactured with improved sealing and noise can-
cellation systems to i1solate exterior noises from the interior
of the cabin. This helps keep the driving experience com-
fortable and noise free. However, in some instances, block-
ing the exterior noise can be disadvantageous. For example,
when a police oflicer 1s parked in their car while doing
computer work 1n their vehicle or i1dling alongside a road
monitoring passing vehicles for speed or tratlic violations,
they may have their windows up for security or comfort in
poor weather. However, 1n such an example, the police oflice
still wants to maintain awareness of events around the
vehicle.

SUMMARY

The appended claims define this application. The present
disclosure summarizes aspects ol the embodiments and
should not be used to limit the claims. Other implementa-
tions are contemplated 1n accordance with the techniques
described herein, as will be apparent to one having ordinary
skill 1in the art upon examination of the following drawings
and detailed description, and these implementations are
intended to be within the scope of this application.

Example embodiments are disclosed for accelerometer-
based external sound monitoring. A vehicle includes accel-
crometers, speakers, and an infotainment head unit. The
accelerometers are athxed to windows of the vehicle. The
speakers are located 1nside the vehicle 1 the vicinity of the
accelerometers. Each of the speakers 1s uniquely associated
with one of the accelerometers. The infotainment head unit,
when the vehicle 1s not 1n motion and when a signal 1s
received from one of the accelerometers, plays the signal
only on the associated one of the speakers.

An example system includes speakers positioned 1n an
interior of a vehicle, audio channels, accelerometers, and an
infotainment head unit. Each one of the audio channels 1s
associated with only one of the speakers. The accelerometers
are athxed to windows of the vehicle. Each one of the
accelerometers 1s associated with only one of the audio
channels. The infotainment head unit, when a signal 1is
received from one of the accelerometers, drives the signal
onto the corresponding one of the audio channels.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention, reference may
be made to embodiments shown 1n the following drawings.
The components in the drawings are not necessarily to scale
and related elements may be omitted, or 1n some 1nstances
proportions may have been exaggerated, so as to emphasize
and clearly illustrate the novel features described herein. In
addition, system components can be variously arranged, as
known 1n the art. Further, in the drawings, like reference
numerals designate corresponding parts throughout the sev-
eral views.
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FIG. 1 illustrates a vehicle operating 1n accordance with
the teachings of this disclosure.

FIG. 2 15 a block diagram of electronic components of the
vehicle of FIG. 1.
FIG. 3 1s a flowchart of a method to provide external noise

into the cabin of the vehicle of FIG. 1, which may be
implemented by the electronic components of FIG. 2.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

While the invention may be embodied in various forms,
there are shown in the drawings, and will heremnafter be
described, some exemplary and non-limiting embodiments,
with the understanding that the present disclosure 1s to be
considered an exemplification of the invention and 1s not
intended to limit the ivention to the specific embodiments
1llustrated.

Generally, passenger comiort 1s increased by isolating
exterior noise from the interior of the cabin. In some
instances, 1solating the exterior noise from the interior of the
cabin 1s not desirable. For example, when an occupant is
sitting 1n a parked or idle vehicle, the occupants may be
distracted but still desired to be aware of activity surround-
ing the vehicle. Microphones on the outside of the vehicle
could broadcast the exterior sound inside the vehicle, so the
occupant would be aware of their surroundings when the
doors and windows are closed. However, traditional electric
condenser microphones (ECMs) are not constructed for
external use. Their delicate microphone diaphragms can be
rendered unusable by dirt, snow, rain, or mud.

As disclosed below, accelerometers are placed on the edge
of vehicle glass surfaces. Sound causes oscillation as 1t
travels through a medium, such as the glass surfaces of the
vehicle. This oscillation 1s measured as a vibration with the
accelerometer when the pressure wave impinges on a win-
dow of the vehicle. The resulting electrical output from the
accelerometer 1s processed to reproduce the sound to be
played into the cabin. Accelerometers are installed on the
windows (e.g., the windshield, the back glass, the left front
door glass, the left backseat door glass, the right front door
glass, the right backseat door glass, the moon roof, etc.) of
the vehicle. The sounds captured by the accelerometers are
played only on adjacent speakers inside the vehicle. For
example, the signal from left front door glass accelerometer
may be played only on a speaker embedded 1n the left front
door, the signal from left backseat door glass accelerometer
may be played only on a speaker embedded 1n the left
backseat door, the signal from right front door glass accel-
crometer may be played only on a speaker embedded in the
right front door, the signal from right backseat door glass
accelerometer may be played only on a speaker embedded 1n
the right backseat door, the signal from the windshield
accelerometer may be played on a speaker embedded 1n the
dashboard, the signal from the rear glass accelerometer may
be played on a speaker embedded 1n the rear package tray or
the rear door, and/or the signal from the moon roof accel-
crometer may be played on a speaker embedded in the
ceiling. In such a manner, the sound system of vehicle
provides a surround sound experience that facilitates moni-
toring audible activity outside the vehicle while providing a
robust system that 1s resistant to environmental factors, such
as by dirt, snow, rain, or mud.

FIG. 1 1illustrates a vehicle 100 operating 1n accordance
with the teachings of this disclosure. In some examples, the
vehicle 100 1s a police vehicle. The vehicle 100 may be a
standard gasoline powered vehicle, a hybrnid vehicle, an
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clectric vehicle, a tuel cell vehicle, and/or any other mobility
implement type of vehicle. The vehicle 100 includes parts
related to mobility, such as a power train with an engine, a
transmission, a suspension, a driveshait, and/or wheels, eftc.
The vehicle 100 may be non-autonomous, semi-autonomous
(c.g., some routine motive functions controlled by the
vehicle 100), or autonomous (e.g., motive functions are
controlled by the vehicle 100 without direct driver input). In
the 1llustrated example the vehicle 100 includes windows
102a-102/, speakers 104a-104f, accelerometers 106a-106/, a
power train control unit (PTCU) 108, and a infotainment
head unit (IHU) 110.

The windows include a windshield 102a, a back glass
1025, a left front door glass 102¢, a left backseat door glass
1024, a night front door glass 102e, a right backseat door
glass 102/, and/or a moon roof (not shown). Some of the
windows 102a-102f are made of laminated glass (sometimes
referred to as “safety glass™) (e.g., the windshield 1024, etc.)
and some of the windows 102a-102f are made of non-
laminated tempered glass (e.g., the left front door glass
102c¢, the left backseat door glass 1024, the right front door
glass 102e, the rnight backseat door glass 102/, etc.). The
glass of the windows 102a-102f vibrates when struck by
sound waves.

Each one of the speakers 104aq-104f 1s positioned to
correspond with one of the windows 102a-102f. A speaker
104a corresponding to the windshield 102a 1s embedded 1n
the dashboard, a speaker 1045 corresponding to the back
glass 1025 1s embedded into a rear package tray or a rear
door (e.g., a liftgate, etc.), a speaker 104¢ corresponding to
the left front door glass 102¢ 1s embedded in the side panel
of the left front door, a speaker 104d corresponding to the
side panel of the left backseat door glass 1024 1n embedded
in the left backseat door, a speaker 104e corresponding to the
right front door glass 102¢ 1s embedded into the side panel
of the right front door, a speaker 104f corresponding to the
right backseat door glass 102f 1s embedded into the side
panel of the right backseat door, and/or a speaker (not
shown) corresponding to the moon roof 1s embedded into the
ceiling panel proximate the moon roof. Alternatively, 1n
some examples, the speakers 104a-104f are ribbon speakers
that are embedded into the ceiling liner around the parameter
of the ceiling of the cabin of the vehicle 100 proximate the
corresponding window 1024-102/. In some examples, the
speakers 104aq-104/ are integrated into the audio sound
system (e.g., the radio, the digital media player, etc.) and/or
noise cancellation system of the vehicle 100. Alternatively,
the speakers 104aq-104f are separate from the speakers
associated with the audio sound system and/or noise can-
cellation system of the vehicle 100.

The accelerometers 106a-106f may be any type of accel-
crometer that (a) measures the vibrations perpendicular to

the plane of glass of the corresponding window 102a-102f

and (b) measures a wide frequency range (e.g., the frequency
range of audible sound, etc.), including uniaxial or triaxial
accelerometers, micromachined or piezoelectric accelerom-
cters, etc. Fach one of the accelerometers 1064-106f 1s
rigidly mounted on a corresponding one of the windows
1024a-102/ on the 1nterior of the cabin of the vehicle 100. In
some example, the accelerometers 106a-106f are mounted
on the windows 102a¢-102f 1n a manner as to no obstruct the
view of the driver. For example, the accelerometer 106a on
the windshield 102¢ may be attached to the glass of the
windshield 102a proximate to where the rear-view mirror 1s
mounted. As another example, the accelerometer 1066 on
the back glass 1025 may be attached to the glass of the back
glass 1026 proximate to the rear defroster connector on the
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glass or where the rear brake light 1s mounted. The accel-
crometers are wired or wirelessly communicatively coupled
to the mmfotainment head umt 110 to send signals of the
vibrations of the windows 102a-102/ to the infotainment
head unit 110.

The power train control module 108 includes hardware
and firmware to control the 1gnition, fuel mnjection, emission
systems, transmission and/or the brake system of the vehicle
100. The power train control module 108 monitors sensors
(such as fuel imjection sensors, wheel speed sensors, exhaust
sensors, etc.) and uses control algorithms to control, for
example, fuel mixture, 1ignition timing, variable cam timing,
emissions control, a fuel pump, an engine cooling fan and/or
a charging system. In the i1llustrated example, the power train
control module 108 sends messages via a vehicle data bus
(e.g., via the vehicle data bus 202 of FIG. 2) regarding the
state of the engine (e.g., running, 1dling, stopped, etc.).

The infotainment head unit 110 provides an interface
between the vehicle 100 and a user. The mfotainment head
unmit 110 includes digital and/or analog interfaces (e.g., input
devices and output devices) to receive mput from the user(s)
and display information. The mput devices may include, for
example, a control knob, an instrument panel, a digital
camera for image capture and/or visual command recogni-
tion, a touch screen, an audio mput device (e.g., cabin
microphone), buttons, or a touchpad. The output devices
may include mstrument cluster outputs (e.g., dials, lighting
devices), actuators, a heads-up display, a center console
display (e.g., a liquid crystal display (“LCD”), an organic
light emitting diode (“OLED”) display, a flat panel display,
a solid state display, etc.), and/or speakers. In some
examples, the infotainment head unit 110 1includes hardware
(e.g., a processor or controller, memory, storage, etc.) and

soltware (e.g., an operating system, etc.) for an infotainment
system (such as SYNC® and MyFord Touch® by Ford®,

Entune® by Toyota®, IntelliLink® by GMC®, etc.). Addi-
tionally, the infotainment head unit 110 displays the info-
tainment system on, for example, the center console display.
The infotainment head unit 110 1includes a physical button or
a soit button (e.g., via the infotainment system) to enable
and disable the accelerometer-based external sound moni-
toring system. In the i1llustrated example, the infotainment
head unit includes a sound monitor 112.

The sound monitor 112, when the accelerometer-based
external sound monitoring system 1s enabled, receives the
signals from the accelerometers 106a-106f, processes the
signals, and plays sounds based on the signals on the
corresponding speakers 104a-104f. Additionally, when the
external sound monitoring system 1s enabled, the sound
monitor 112 disables other sources of audio (e.g., the radio,
the digital media player, etc.). When the sound monitor 112
receives a signal from one of the accelerometers 106a-106f,
the sound manager processes the signal. In some examples,
the sound monitor 112 processes the signal with a high pass
filter to filter out frequencies associated with low-Ifrequency
boom or rumble (e.g., such as those caused by wind, etc.).
In some examples, the sound monitor 112 performs other
sound signal processing, such as amplification and/or equal-
1zation.

The sound monitor 112 1s coupled to separate channels,
cach associated with one of the speakers 104a-104f. When
a signal from one of the accelerometers 106a-106f 1s
received, the sound monitor 112 only drives the channel
corresponding to the one of the speakers 104a-104/ that 1s
associated with the particular one of the accelerometers
106a-106f from which the signal was received. For example,
when the signal 1s received from the accelerometer 106a
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attached to the windshield 102q, the sound monitor 112
drives the channel associated with the speaker 104a embed-
ded 1n the dashboard. When multiple signals from multiple
accelerometers 106a-106/ are received, the sound monitor
112 drives multiple channels with the corresponding signal.
For example, when a first signal 1s received from the
accelerometer 106a attached to the windshield 102q and a
second signal recertved Irom the accelerometer 1065
attached to the back glass 10256 at the same time, the sound
monitor 112 drives the channel associated with the speaker
104a embedded 1n the dashboard with the first signal and the
speaker 1045 embedded 1n the rear package tray or the rear
door with the second signal. In such a manner, the sound
monitor 112 provides a surround sound experience based on
the actual direction that the noise 1s originating from so the
occupant(s) of the vehicle 100 can determine the location of
the noise. For example, 1 a person i1s speaking while
standing at the external rear right corner of the vehicle 100,
the accelerometer 1065 attached the back glass 1025 and the
accelerometer 106/ attached to the right backseat door glass
102/ may generate signals. In such an example, the sound
monitor 112 may drive the channels associated with the
speaker 1045 embedded 1n the rear package tray or the rear
door and the speaker 104/ embedded 1n the side panel of the
right backseat door.

FIG. 2 1s a block diagram of electronic components 200
of the vehicle 100 of FIG. 1. In the illustrated example, the
clectronic components 200 include the speakers 104a-104f,
the accelerometers 106a-106f, the power train control mod-
ule 108, the infotainment head unit 110, and a vehicle data
bus 202.

The mfotainment head unit 110 includes channels 204a-
2047, an amplifier/equalizer 206, a processor 208, and
memory 210. The channels 204q-204f are electrically
coupled to the speaker 104a-104f. The channels 204a-204f
are communicatively coupled to the amplifier/equalizer 206.
When a signal 1s received from one of the accelerometers
106a-106f, the sound momitor 112, via the amplifier/equal-
izer 206, drivers the signal on the corresponding of the
channels 2044-204f. The amplifier/equalizer 206 receives
the signals from the accelerometers 106a-106/ and process
the signals to be suitable for reproduction (e.g., amplify the
signal, etc.) on the speakers 104a-114f based on, for
example, audio preferences and settings entered into the
infotainment head unit 110 by an occupant.

In the illustrated example, the infotainment head unit 110
1s structured to include sound monitor 112. The processor or
controller 208 may be any suitable processing device or set
ol processing devices such as, but not limited to: a micro-
processor, a microcontroller-based platform, a digital signal
processor, a suitable integrated circuit, one or more field
programmable gate arrays (FPGAs), and/or one or more
application-specific integrated circuits (ASICs). The
memory 210 may be volatile memory (e.g., RAM, which
can mclude non-volatile RAM, magnetic RAM, ferroelectric
RAM, and any other suitable forms); non-volatile memory
(e.g., disk memory, FLASH memory, EPROMs, EEPROMs,
non-volatile solid-state memory, etc.), unalterable memory
(e.g., EPROMSs), read-only memory, and/or high-capacity
storage devices (e.g., hard drives, solid state drives, etc). In
some examples, the memory 210 includes multiple kinds of
memory, particularly volatile memory and non-volatile
memory.

The memory 210 1s computer readable media on which
one or more sets of instructions, such as the software for
operating the methods of the present disclosure can be
embedded. The instructions may embody one or more of the
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methods or logic as described herein. In a particular embodi-
ment, the istructions may reside completely, or at least
partially, within any one or more of the memory 210, the
computer readable medium, and/or within the processor 208
during execution of the instructions.

The terms “non-transitory computer-readable medium”
and “tangible computer-readable medium” should be under-
stood to include a single medium or multiple media, such as
a centralized or distributed database, and/or associated
caches and servers that store one or more sets of instructions.
The terms “non-transitory computer-readable medium”™ and
“tangible computer-readable medium”™ also include any tan-
gible medium that 1s capable of storing, encoding or carrying
a set of instructions for execution by a processor or that
cause a system to perform any one or more of the methods
or operations disclosed herein. As used herein, the term
“tangible computer readable medium” 1s expressly defined
to include any type of computer readable storage device
and/or storage disk and to exclude propagating signals.

The vehicle data bus 202 communicatively couples the
power train control module 108 and the mmfotainment head
umt 110. In some examples, the vehicle data bus 202
includes one or more data buses. The vehicle data bus 202
may be implemented in accordance with a controller area
network (CAN) bus protocol as defined by International
Standards Organization (ISO) 11898-1, a Media Oriented
Systems Transport (MOST) bus protocol, a CAN flexible
data (CAN-FD) bus protocol (ISO 11898-7) and/a K-line
bus protocol (ISO 9141 and ISO 14230-1), and/or an Eth-
ernet™ bus protocol IEEE 802.3 (2002 onwards), etc.

FIG. 3 1s a flowchart of a method to provide external noise
into the cabin of the vehicle 100 of FIG. 1, which may be

implemented by the electronic components 200 of FIG. 2.
Initially, at block 302, the sound momnitor 112 waits until the
external sound system 1s enabled via the infotainment head
unit 110. At block 304, the sound monitor 112 determines
whether the vehicle 100 1s stopped (e.g., the engine 15 off,
etc.) or 1dling (e.g., the transmission 1s shifted into park,
etc.). When the vehicle 100 1s stopped or 1dling, the method
continues at block 306. Otherwise, when the vehicle 100 1s
neither stopped nor 1dling, the method returns to block 302.
At block 306, the sound monitor 112 disables other sources
of audio 1n the cabin of the vehicle 100, such as audio from
a radio receiver, an auxiliary connection to a media playing
device, a wireless connection to the media playing device,
and/or an internal digital media player, etc.

At block 308, the sound monitor 112 determines whether
signals from at least one of the accelerometers 106a-106f
is/are detected. When the signals from at least one of the
accelerometers 106a-106f 1s/are detected, the method con-
tinues at block 310. Otherwise, when signals from are not
detected from any of the accelerometers 106a-106f, the
method returns to block 302. At block 310, the sound
monitor 112 processes the signals to be reproduced over the
sound system (e.g., the speakers 104a-104f, etc.) of the
vehicle 100, such as processing with a high pass filter. At
block 312, the sound monitor 112 determines whether the
signals include sounds 1n the audible frequency range (e.g.
20 to 20,000 Hertz). When the signals represent sound 1n the
audible frequency range, the method continues at block 314.
Otherwise, when the signals do not include sounds 1n the
audible frequency range, the method returns to block 302. At
block 314, the sound monitor 112 only selects the channel(s)
204a-204f corresponding to each one of the accelerometers
106a-106f from which the signal(s) were received. At block

316, the sound monitor 112 plays the signal(s) on the
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selected channel(s) 204a-204/ corresponding to each one of
the accelerometers 106a-106/ from which the signal(s) were
received.

The flowchart of FIG. 3 1s representative of machine
readable 1nstructions stored in memory (such as the memory
210 of FIG. 2) that comprise one or more programs that,
when executed by a processor (such as the processor 208 of
FIG. 2), cause the vehicle 100 to implement the example

sound monitor 112 and, more generally, the imfotainment
head unit 110 of FIGS. 1 and 2. Further, although the
example program(s) 1s/are described with reference to the
flowchart illustrated in FIG. 3, many other methods of
implementing the example sound momitor 112 may alterna-
tively be used. For example, the order of execution of the
blocks may be changed, and/or some of the blocks described
may be changed, eliminated, or combined.

In this application, the use of the disjunctive 1s intended
to include the conjunctive. The use of definite or indefinite
articles 1s not intended to indicate cardinality. In particular,
a reference to “the” object or “a” and “an’ object 1s intended
to denote also one of a possible plurality of such objects.
Further, the conjunction “or” may be used to convey features
that are simultaneously present nstead of mutually exclu-
sive alternatives. In other words, the conjunction “or” should
be understood to include “and/or”. As used here, the terms
“module” and “umit” refer to hardware with circuitry to
provide communication, control and/or monitoring capabili-
ties, often 1n conjunction with sensors. “Modules” and
“units” may also include firmware that executes on the
circuitry. The terms “includes,” “including,” and “include™
are 1nclusive and have the same scope as “comprises,”
“comprising,” and “comprise” respectively.

The above-described embodiments, and particularly any
“preferred” embodiments, are possible examples of 1imple-
mentations and merely set forth for a clear understanding of
the principles of the invention. Many vanations and modi-
fications may be made to the above-described
embodiment(s) without substantially departing from the
spirit and principles of the techniques described herein. All
modifications are intended to be included herein within the
scope of this disclosure and protected by the following
claims.

What 1s claimed 1s:

1. A vehicle comprising;

accelerometers athixed to windows of the vehicle:

speakers located inside the vehicle 1n a vicinity of the

accelerometers, each of the speakers uniquely associ-
ated with one of the accelerometers; and

an infotainment head unit to, when the vehicle 1s not 1n

motion and when a signal 1s recerved from one of the
accelerometers, play the signal only on the associated
one of the speakers.

2. The vehicle of claim 1, including at least six of the
accelerometers, each one of the accelerometers athxed to a

different one of the windows.
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3. The vehicle of claim 2, including at least six of the
speakers, two of the speakers embedded 1n a first interior
side of a cabin, two of the speakers embedded 1n a second
interior side of the cabin, one of the speakers embedded 1n
as interior front of the vehicle, and one of the speakers
embedded 1n an interior rear of the vehicle.

4. The vehicle of claim 1, wherein the accelerometers are
to measure vibrations perpendicular to a glass surface of the
windows.

5. The vehicle of claim 1, wherein the infotainment head
unit 1s to, when the vehicle 1s not 1n motion, disable sound
from other audio sources.

6. The vehicle of claim 1, wherein the speakers are
positioned 1n the vehicle to provide sound in an interior of
a cabin of the vehicle from a direction of an originator of the
sound on an exterior of the vehicle.

7. The vehicle of claim 1, wherein the vehicle 1s a police
vehicle.

8. The vehicle of claim 1, wherein the speakers are ribbon
speakers positioned in a headliner of the vehicle.

9. A system comprising:

speakers positioned 1n an interior of a vehicle;

audio channels, each one of the audio channels associated

with only one of the speakers;

accelerometers athixed to windows of the vehicle, each

one of the accelerometers associated with only one of
the audio channels; and

an nfotainment head unit to, when a signal 1s received

from one of the accelerometers, drive the signal onto
the corresponding one of the audio channels.

10. The system of claim 9, including at least six of the
accelerometers, each one of the accelerometers atlixed to a
different one of the windows.

11. The system of claim 10, wherein a first one of the
speakers 1s embedded 1n a left front door, a second one of the
speakers 1s embedded 1n a left backseat door, a third one of
the speakers 1s embedded 1n a right front door, a fourth one
of the speakers 1s embedded 1n a right backseat door, a fifth
one of the speakers 1s embedded 1n a dashboard, and a sixth
one of the speakers 1s embedded in a rear panel.

12. The system of claim 9, wherein the accelerometers are
to measure vibrations perpendicular to a glass surface of the
windows.

13. The system of claim 9, wherein the infotainment head
unit 1s to drive the signal onto the corresponding one of the
audio channels only when the vehicle 1s not 1n motion.

14. The system of claim 13, wherein the infotainment
head unit 1s to, when the vehicle 1s not in motion, disable
sound from other audio sources.

15. The system of claim 9, wherein the speakers are
positioned 1n the vehicle to provide sound 1n an interior of
a cabin of the vehicle from a direction of an originator of the
sound on an exterior of the vehicle.
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